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ABSTRACT
We calculate the physical conditions and the N/H and O/H relative abundances for a sample of long GRB (LGRB) host galaxies
in the redshift range 1<z<2.1 by modelling recently observed line and continuum spectra. The results are consistent with those
previously calculated for LGRB host galaxies throughout a more extended redshift range z≤ 3. We analyse star formation rates (SFR)
within the LGRB hosts on the basis of the Hα fluxes. They are compared with those of local low-luminosity starburst (SB) galaxies,
individual HII regions in local galaxies as well as LGRB host galaxies at intermediate and relatively high redshifts. The enhanced
SFR in the HII regions within nearby galaxies is explained by a relatively high filling factor which characterizes ”individual regions”
rather than ”entire galaxies” which are generally presented by the observations. The fragmented matter in the galaxies derives from
progenitor merging. We check whether the release by the morphological transformations of ice of the O2 and N2 molecules trapped
into the ice mantles of dust grains could explain the N/O ratios throughout the redshift. We have found that shock velocities calculated
by modelling the spectra are high enough to completely destroy the ice mantles. Therefore, the prevention of secondary nitrogen
formation is a valid hypothesis to explain the low N/O ratios at z<1. The SFR trend increasing with z is roughly similar to that of
N/O.
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1. Introduction
Long GRB (LGRB) derive from implosion of massive stars.
They have observed periods > 2 seconds and they are mainly
detected at redshifts z≥0.08. These data concern the burst itself.
An effort is recently carried on to investigate the burst influence
on the properties of the host galaxies (e.g. Contini 2019a), for
instance, following the shocks created by the burst as they reach
and propagate throughout the host galaxy. The effect of radiation
accompanying the GRB will be better recognized when the high
ionization level lines emitted from the host gas will be available
from the observations. Meanwhile, the radiation source of the
host gas is attributed to the starburst (SB) within the host. In a
few cases (e.g. LGRB031203, Margutti et al. 2007) the spectra
at different epochs were observed. This allowed (Contini 2019a)
to give a hint on whether and how the host gas properties are
affected by the GRB. However, the calculated physical condi-
tions and element abundances of all types of galaxies at rela-
tively high redshifts represent only an average because the ob-
servations generally cover the entire galaxy. Specific observa-
tions of different regions within the same galaxy (e.g. Nicuesa
Guelbenzu et al 2015) will resolve this issue (Contini 2019b).
GRB host galaxies are investigated in particular to obtain
some information about the progenitors. Line spectra in the
optical- near infrared range are now available for most of the
survey galaxies also at redshifts ≥ 1. The modelling of the spec-
tra focus on metallicities in order to disclose the nature of star
forming processes throughout the redshift. It has been suggested
that metallicities in GRB hosts are lower than solar (Asplund
et al 2009) indicating that primordial material is trapped inside
the emitting clouds. However O/H ratios higher than solar were
derived in a number of objects (e.g. Perley 2016b). Analyzing
a relatively large sample of host galaxies of different types, it
was found (Contini 2016 and references therein) that gas tem-
peratures and densities in the emitting clouds within GRB hosts
are similar to those of supernova (SN) hosts and SB galaxies.
Surveys of spectral observations including a large number of
objects were presented by Kru¨hler et al (2011), Savaglio et al
(2012), Han et al (2010), etc. Their data allowed to calculate the
element abundances by modelling the line ratios.
To characterise the population of LGRB host galaxies at
1<z<3 the conditions in which LGRBs form were addressed
in the frame of star formation ages throughout the redshift by
Palmerio et al (2019), Vergani et al. (2017), Hashimoto et al
(2019), etc. in order to trace star formation. They reported LGRB
characteristics calculated on the basis of large surveys of host
galaxy investigations (Vergani et al 2015, Perley et al 2016a,
2016b, Japelj et al 2016a, 2016b). Palmerio et al confirmed
that LGRBs occur mainly in low metallicity neighbourhood.
However, high metallicity progenitors were not excluded (Berg
et al 2012, Savaglio et al 2012, Contini 2019b, etc).
Star formation rates (SFR) are generally evaluated by the
Kennicutt et al (1998) equation on the basis of the Hα observed
luminosity. Hα are the strongest recombination lines. However,
a leading question involving star formation and SFR within the
host galaxies concerns dust formation. Formation and destruc-
tion of stars are closely connected with the production of inter-
stellar dust (Dwek 1998, Franceschini 2001, Kreckel et al 2013)
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even in the early universe because dust is created by the ejecta
of population III stars (Nozawa et al 2003). It was suggested that
most of the stars at redshift z ∼ 1-3 were formed in a dusty en-
vironment (Le Floc’h et al. 2005, Magnelli et al. 2009, Elbaz et
al. 2011, Murphy et al. 2011, Reddy et al. 2012) implying that
the infrared wavelengths are the SFR indicators. The UV and
optical wavelengths may be preferred as SFR indicators at very
high redshift, when galaxies contained little dust (e.g., Wilkins
et al. 2011, Walter et al. 2012) which could not seriously mod-
ify the line ratios from their theoretical values in the different
wavelength domains. Calzetti (2013) claimed that the calibra-
tion of SFR indicators remains, however, problematic for distant
galaxies (e.g., Reddy et al. 2012; Lee et al. 2010; Wuyts et al.
2011), since it can be affected in particular by differences in star
formation histories, metal abundances, content and distribution
of stellar populations and dust between low and high redshift
galaxies (Elbaz et al. 2011).
We investigate LGRB host galaxies focusing on the element
abundances. At present, we can determine N/H and O/H with a
satisfactory accuracy by the detailed modelling of the observed
line ratios. When the lines relative to C, Si, S and Fe will be
available from the observations in the UV and/or in the IR range
we will be able to discuss the presence of dust grains with more
precision. In this paper we start by modelling the line and contin-
uum spectra observed by Palmerio et al (2019) and Hashimoto
et al (2019) from LGRB hosts at 1< z < 2.1 in order to add more
data to the sample of LGRB host galaxies presented by Contini
(2017 and references therein). The choice of the survey objects
is, however, limited to those showing the characteristic spectral
lines which constrain the models. We also consider galaxies at
lower redshifts which were analysed previously but show new
data of lines and/or of the continuum SED. Our method consists
in calculating by the detailed modelling of the spectra the phys-
ical and chemical parameters characteristic of the gas within the
galaxy which lead to the best fit the line ratios. Thus, we ob-
tain the calculated Hβ and Hα fluxes for each galaxy. They can
be compared with the observed ones and can be used to calcu-
late the reddening correction factor for each line ratio. Then, we
analyse SFR in LGRB host galaxies focusing on the observed
Hα fluxes. Comparison of calculated with observed Hα can give
a hint about SFR evolution throughout the 0<z<3 redshift. We
use composite models which account consistently for photoion-
ization and shocks. The calculation code is briefly described in
Sect. 2. In Sect. 3 the modelling of Palmerio et al and Hashimoto
et al observations are presented. The distribution of the SFRs
throughout the redshift is discussed in Sect. 4. Concluding re-
marks follow in Sect. 5.
2. Calculation details
The code suma is adopted (for a more detailed description of the
code see Contini 2019a). The main input parameters are those
which lead to the calculations of line and continuum fluxes.
They account for photoionization and heating by primary and
secondary radiation and for collisional process due to shocks.
The input parameters such as the shock velocity Vs , the atomic
preshock density n0 and the preshock magnetic field B0 (for
all models B0=10
−4Gauss is adopted) define the hydrodynam-
ical field. They are combined in the compression equation (Cox
1972) which is resolved throughout each slab of the gas in or-
der to obtain the density profile throughout the emitting clouds.
Primary radiation for SB in the GRB host galaxies is approxi-
mated by a black-body (bb). The input parameters that represent
the primary radiation from the SB are the effective temperature
T∗ and the ionization parameter U. The primary radiation source
does not depend on the host physical condition but it affects the
surrounding gas. This region is not considered as a unique cloud,
but as a sequence of plane-parallel slabs (up to 300) with differ-
ent geometrical thickness calculated automatically following the
temperature gradient. The secondary diffuse radiation is emitted
from the slabs of gas heated by the radiation flux reaching the
gas and by the shock. Primary and secondary radiation are calcu-
lated by radiation transfer. The calculations initiate at the shock
front where the gas is compressed and adiabatically thermalised,
reaching a maximum temperature in the immediate post-shock
region T∼ 1.5×105 (Vs /100 km s
−1)2. T decreases downstream
leading to recombination. The cooling rate is calculated in each
slab. The line and continuum emitting regions throughout the
galaxy cover an ensemble of fragmented clouds. The geomet-
rical thickness D of the clouds is an input parameter which is
calculated consistently with the physical conditions and element
abundances of the emitting gas. The fractional abundances of the
ions are calculated resolving the ionization equations for each el-
ement (H, He, C, N, O, Ne, Mg, Si, S, Ar, Cl, Fe) in each ioniza-
tion level. Then, the calculated line ratios, integrated throughout
the cloud geometrical width, are compared with the observed
ones. The calculation process is repeated changing the input pa-
rameters until the observed data are reproduced by the model
results, at maximum within 10-20 percent for the strongest line
ratios and within 50 percent for the weakest ones.
The gas ionized by the SB radiation flux emits continuum ra-
diation (as well as the line fluxes) from radio to X-ray. The con-
tinuum accounts for free-free and free-bound radiation (hereafter
addressed to as bremsstrahlung). Some parameters regarding di-
rectly the continuum SED, such as the dust-to-gas ratio d/g and
the dust grain radius agr are not directly constrained by fitting
the line ratios. Dust grains are sputtered throughout the shock
front and downstream. They are heated by the primary radiation
and by mutual collision with atoms. The dust reprocessed ra-
diation in the infrared (IR) range throughout the SED depends
on d/g and agr . The distribution of the grain sizes along the
cloud starting from an initial radius is automatically calculated
by suma.
3. Modelling the spectra
3.1. Line ratios
Palmerio et al (2019) report the sample of LGRB host galaxies
at 1<z<2 (Salvaterra 2012) observed by the Swift/BAT6 (Burst
Alert Telescope). We consider for modelling Palmerio et al data
presented in their table A.4. The observed line fluxes are given
in units of 10−17 erg cm−2 s−1and are corrected for Galactic fore-
ground extinction. Themodelling procedure requires a minimum
number of specific lines in order to constrain the models. We se-
lect the galaxies which show Hα , Hβ and oxygen in at least
two ionization levels, GRB061007, GRB061121, GRB08605
and GRB090926B. They are reported in Table 1. For each galaxy
the row showing the observed flux ratios is followed by the line
intensity ratios to Hβ (reddening corrected).We have further cor-
rected the line ratios using Osterbrock (1974) equations when
Hα /Hβ ≥ 4 because the Hα /Hβ ratios calculated by quantum
mechanic procedures range between 3.05 and 2.87 for gas tem-
peratures between∼ 5000K and 10000K and preshock densities
n0 ∼ 10
2-104 cm−3. These values are similar to those calculated
by the detailed modelling of the spectra (which means that all
the lines are considered) for most of the LGBR host galaxies.
The preshock densities calculated for the galaxies in Table 1 are
2
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Table 1. Observations and models
GRB z [OII]3727+ [NeIII]3868 Hγ Hβ [OIII]5007+ Hα [NII]6583
0610071 1.2623 2.4 <2 - 1.0 9.5+ 4±0.4 <2.4
corr 2.98 <2.42 - 1 8.7+(2.2) 3 <1.8
mod1 3.3 1.0 0.46 1 11.74 3 0.36
0611211 1.3160 3.38 0.32 0.53 1 4.36 5.06±0.9 0.57
corr 4.97 0.46 0.64 1 3.4 3 0.34
mod2 5.2 0.55 0.46 1 3.47 2.96 0.39
0806051 1.6408 2.22 - - 1 5.18 3.78 0.52
corr 2.64 - - 1 5.00 3 0.4
mod3 2.5 - - 1 5.02 2.94 0.33
090926B1 1.2427 4.96 <0.92 <1.17 1 6.38 4.79 <0.8
corr 7.07 <1.13 <1.38 1 5.8 3 <0.8
mod4 7.1 0.75 0.46 1 5.9 2.95 0.5
0802072 2.086 2.028 0.73 - 1 4.836 3.0 0.68
mod5 1.8 0.5 0.46 1 4.9 3.2 0.52
1 from Palmerio et al (2019); 2 from Kru¨hler et al (2015)
Table 2. Model results
models mod1 mod2 mod3 mod4 mod5
Hβ 1 0.02 0.0023 0.03 0.0094 0.084
Vs (km s
−1) 200 100 200 160 320
n0 (n0) 60 90 80 110 80
D (pc) 0.23 0.02 0.1 0.1 1.1
T∗ (10
4K) 8.8 7.2 5.4 9.4 9.7
U - 0.04 0.0034 0.042 0.0085 0.04
He/H 0.1 0.1 0.1 0.1 0.1
N/H2 0.22 0.2 0.4 0.2 0.5
O/H2 6.6 6.6 6.6 6.6 6.6
Ne/H2 1. 1. 1. 0.7 1
S/H2 0.2 0.3 0.3 0.2 0.2
Ar/H2 0.06 0.04 0.03 0.006 0.06
12+log(O/H)3 8.82 8.82 8.82 8.82 8.82
12+log(O/H)4 8.13 8.51 8.47 8.48 8.745
1 Hβ absolute flux calculated at the nebula in erg cm−2 s−1; 2 in 10−4 units; 3 calculated in this paper; 4 Palmerio et al; 5 calculated by Kru¨hler et al
(2015).
not as high as to yield Hα /Hβ >4. These values can be found
for high optical depths (Osterbrock 1974, fig 4.3). In Table 1,
for each host galaxy, below the row reporting the corrected line
ratios, the model calculation results are shown for comparison.
For the host of GRB061007 the [OIII] 5007 line is given by the
observations, while the [OIII] 4959 line is omitted. The two lines
belong to the same multiplet. From the ratio of the the transition
probabilities (Osterbrock 1974) the [OIII] 4959 line should be
∼ 1/3 [OIII] 5007. On this basis we have added the [OIII] 4959
line flux for GRB061007 in Table 1.
In the bottom of Table 1 the line ratios for the host galaxy
GRB080207 at z=2.086 are shown. We added in Table 1 the
host line spectrum of this object from the sample of Kru¨hler et al
(2015) because the model can be constrained by Hashimoto et al
(2019) rich photometric data of the continuum SED. Hashimoto
et al reported for GRB080207 also the [CII] 156 µm line in
the far-IR. Model calculations yield [CII]/Hβ = 0.04 and Hβ =
0.09 erg cm−2 s−1. For GRB080207, after the GRB detection
by SWIFT/BAT (Racusin et al 2008), no optical and NIR af-
terglows were detected. The extremely red host galaxy was
identified within the X-ray positional error circle (Hunt et al
2011, Svensson et al 2012). The Hα and [OIII]5007 lines were
observed with VLT/X-Shooter by Kru¨hler et al (2012) yield-
ing SFR∼ 77 M⊙ yr
−1. The host galaxy was also detected by
Herschel/PACS at ∼ 30µm and 50µm . The modelling of the line
ratios is reported by Contini (2016, table 8).
In Table 1 we compare the results of model calculations with
the observations. The calculation uncertainty is ∼10 percent. The
models are represented by the sets of the input parameters which
lead to the best fit of the observed line ratios. They are described
in Table 2. We adopt for all the spectra a black-body dominated
model representing the star burst. The effective temperatures cal-
culated for the star burst in the host galaxies are high enough to
indicate a quite recent event. The O/H relative abundances cal-
culated by the detailed modelling are solar ((O/H)⊙=6.6 10
−4,
Asplund et al 2009) for all the hosts, while the N/H ratios are
low relatively to the solar ones ((N/H)⊙=10
−4) and similar to
those of other LGRB hosts. The results suggest that LGRB at
z< 2 occur in a low metallicity medium, relative to nitrogen. In
the bottom of Table 2 metallicities in terms of 12+log(O/H) cal-
culated by the present detailed modelling and by the strong line
method by Palmerio et al are compared. Palmerio et al values are
lower than solar, therefore they claim that SFR should be high in
their sample of host galaxies on the basis of the low metallicity.
3.2. Continuum SED
The bremsstrahlung emitted from the galaxy clouds can be seen
throughout the SED in the X-ray - radio range. The dust reradia-
tion bump in the infrared and the old star backgound population
flux emerge from it in nearly all the galaxy types. In this work
we use d/g=10−14 by number for all the models which corre-
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Fig. 1. SED of GRB061007, GRB061121, GRB080605 and GRB090926B. Open circles : the data from Palmerio et al. Red dot-
dashed line : the contribution from the underlying old stars. Black solid lines: the bremsstrahlung corresponding to models (mod1 -
mod4) and to reprocessed radiation by dust in the IR calculated consistently by the models.
sponds to 4.1 10−4 by mass for silicates (Draine & Lee 1994).
The black body emission from the background old star popula-
tion with Tbb∼ 3000-8000 K generally covers the near-IR (NIR)
- optical range of the SED.
The modelling of the continuum SED of each object is cal-
culated by the same model which fits the line ratios. The results
are shown in the diagrams of Figs 1 and 2. Two main solid lines
show the result of modelling. One represents the bremsstrahlung
emitted from the gaseous clouds within the galaxy which also
emit the lines, while the other line represents reprocessed radi-
ation by dust. The red dash-dotted lines indicate the black-body
flux emitted from the underlying old star population with dif-
ferent temperatures. For the Palmerio et al sample which ap-
pears in Fig. 1 diagrams the modelling of the continuum SED
is not constrained by the data in the radio, in the far-IR, not even
in the very NIR, while the model results are definitively con-
strained by the data reported by Hashimoto et al for GRB080207
(Fig. 2). Therefore, in Fig. 1 diagram, we have normalized the
bremsstrahlung radiation by the frequency in the radio range at
ν= 108 Hz, waiting for future data. The underlying old stellar
temperatures which result from the IR-optical bump is ∼ 3000 K
for GRB061007,while the temperatures range between 3×103K-
104K, 3×103K- 104K and 3×103K- 8×103K for GRB061121,
GRB080605 and GRB090926B, respectively.
The relatively rich dataset presented for the SED by
Hashimoto et al for GRB080207 (Fig. 2) covers a more extended
frequency range, accounting for the radio range, the IR range of
dust reprocessed radiation and the NIR-optical range due to the
underlying stellar population. This host continuum SED in the
far-IR is reproduced by a dust-to-gas ratio by mass ∼ 4.1 10−4.
GRB070521 was detected by the burst alert telescope (BAT) by
Gehrels (2004) and Guidorzi et al (2007a). The X-ray afterglow
was detected by the Swift X-Ray Telescope (XRT) by Guidorzi
(2007b). The redshift of the host galaxy at z=2.0865 was deter-
mined by the Hα emission by Kru¨hler et al (2015) leading to
SFR=26 M⊙ yr
−1. The line fluxes observed from GRB070521
and from other samples, as e.g. those of Vergani et al (2017)
could not be used for modelling because the data were not
enough to constrain the models. On the other hand, Hashimoto
et al (2019) presented a rich photometric set of data also for this
GRB host. We try to reproduce the observation data in Fig. 2
by the same model as that calculated for GRB080207. The fit is
suitable enough to suggest that similar physical conditions char-
acterize both the GRB070521 and GRB080207 host galaxy gas.
The black-body bump in the IR (red line), which represents the
contribution of the underlying old star population, has a tem-
perature of 1000 K which is lower than generally observed for
other GRB hosts and it is most likely interpreted as emission
by hot dust rather than by old stars. Dust grains can be heated
to T∼1000 K (close to evaporation) by strong radiation and/or
collisionally by gas throughout strong shocks (Vs >500 km s
−1)
and downstream. These conditions are not easily found in LGRB
host clouds. We have adopted a maximum radius agr =1 µm for
the dust grains in all the galaxies presented in Figs. 1 and 2.
Fig. 3 shows the profiles of the grain radius agr sputtered down-
stream by the shock, of the grain temperature Tgr and of the gas
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bremsstrahlung and dust reprocessed radiation calculated by fit-
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Fig. 3. Top diagrams: the profile of the gas temperature (solid
line) and grain temperature (dashed line) throughout a cloud in
the LGRB080207 host. Bottom diagrams: the profile of the grain
radius in µm . The cloud is divided into two halves. The left panel
shows (in logarithic scale) the region downstream of the shock
front which is at the left edge of the left panel. The right panel
shows (in reverse logarithmic scale) the region of gas reached by
the radiation flux on the right edge of the right panel.
temperature Te throughout the clouds in the GRB080207 host
galaxy. Large dust grains with agr ∼ 1 µm survive sputtering
within the clouds because the shock velocity (Table 2, mod5)
is low enough (<350 km s−1). For the other galaxies agr remains
constant throughout the clouds due to the low Vs (≤200 km s
−1).
The fit of the GRB080207 dust reprocessed radiation bump leads
to a maximum Tgr ∼ 70 K. On the other hand, dust shells with
temperatures of ∼ 1000 K are present in late-type stars (e.g.
Danchi et al. 1994) as well as in symbiotic systems (Angeloni
et al 2010) and can explain the IR black body radiation bump of
the underlying stellar population.
4. SFR evolution trend
Kennicutt et al (1998) investigating SFR following the evolu-
tionary properties of galaxies claim that most information comes
from the integrated UV, far-IR (FIR) flux and from nebular re-
combination lines. The last ones provide a ”sensitive probe of
Table 3. Symbols in Fig. 4
symbol object Ref.
asterisks GRB hosts (1)
point LGRB hosts (2)
pentagrams LGRB different hosts (3)
hexagram LGRB hosts with WR stars (4)
triangles LGRB at low z (5)
filled squares LGRB in this paper (6)
plus HII regions in local galaxies (7)
cross HII low-luminosity nearby galaxies (8)
(1) (Kru¨hler et al. 2015); (2) (Savaglio et al. 2009); (3) (Sollerman et al
(2005), Castro-Tirado et al. (2001), Graham & Fruechter (2013),
Levesque et al. (2010), Vergani et al. (2011), Piranomonte et al.
(2015); (4) (Han et al. 2010); (5) (Niino et al. 2016); (6) (Palmerio et al
2019); (7) (Marino et al. 2013); (8) (Berg et al. 2012);
young massive star population”, while FIR efficacy as a SFR
tracer depends on the contribution of young stars to heat the dust
grains. Generally SFR are given by the observers on the basis of
the Hα line flux. We therefore investigate SFR at different red-
shifts by the analysis of the Hα luminosities adopting Kennicutt
et al (1998) equation:
SFR (M⊙ y
−1) = 7.9× 10−42 LHα (erg s
−1) (1)
because SFR (M⊙ y
−1)= 1.4±0.4×10−41L[OII] (erg s
−1) (2)
which was written for the [OII] line (L[OII] is the [OII] luminos-
ity), leads to less correct results (see Kennicutt et al).
We have checked the spectra by Palmerio et al and Kru¨hler
et al in Table 1. Not all of them show [OII]3727+/Hβ intensity
ratios higher than the Hα /Hβ ones. As for the sample of LGRB
hosts adopted by Contini (2016, 2017) the [OII]3727+/Hβ line
ratios are seldom higher than the Hα /Hβ . Therefore we will
consider eq. (1) valid for the calculation of SFRs. LHα , the
Hα luminosity observed at Earth, is the same as that calculated
at the nebula i.e. LHα =Hαobs ×4pid
2=Hαcalc ×4piR
2, where d is
the distance from Earth, Hαobs is the Hα flux observed at Earth,
Hαcalc is the Hα flux calculated at the nebula and R the radius of
the emitting nebula in terms of the distance of the nebula from
the galaxy center. Model results are valid for the emitting neb-
ula, while the observations are obtained at Earth, therefore the
Hαobs /Hαcalc ratios range within a factor of ∼ 10
−16 - 10−17, de-
pending on the distance of the emitting galaxy. R covers a range
of 0.01-100 pc for LGRB host clouds. The observed data are av-
eraged on the whole galaxy, therefore a filling factor should be
accounted for because the morphological distribution of matter
throughout the galaxies is highly fragmented.
4.1. Hα line flux
In order to understand the SFR trend throughout a large redshift
range we show in Fig. 4 the Hα fluxes calculated at the nebula on
the basis of the corrected observed spectra, in order to avoid dis-
tance problems. In our previous investigation of SFR in LGRB
host galaxies (Contini 2016, fig. 8) we presented the physical pa-
rameters which contribute to Hα . Line fluxes are calculated by
the models which lead to the best fit of the spectra observed from
different objects at different redshifts. The line intensities result
from summing the contribution of the different slabs of clouds
within the gas nebula. The effective Balmer line recombination
coefficient αe f f is ∝ 2×10
4/T0.9e (Brocklehurst 1971). The cal-
culation of the Hα flux accounts also for the most significant
parameters (e.g. T∗ , U, Vs , n0 and D). We investigate the trends
of Hα calculated at the emitting nebula (Hαcalc ) as function of
the different physical parameters. They are shown in Fig. 4 on
5
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Fig. 4. Hαcalc as function of T∗ (in 10
4K), U and Vs (in km s
−1).
Symbols are explained in Table 3.
the basis of the diagrams previously presented by Contini (2016,
fig. 8). We have added Hαcalc calculated by the data given by
Berg et al (2012) for low luminosity local HII galaxies and by
Marino et al (2013) for the Calar Alto Legacy Integral Field Area
(CALIFA) sample of individual HII regions in nearby galaxies
in order to enlarge the redshift range by including local galaxies.
Also, the results of modelling the LGRB host spectra at inter-
mediate and low z (z≤0.4) by Niino et al (2016) are shown in
Fig. 4 diagrams as well as Hαcalc calculated by modelling the
data presented by Palmerio et al (2019) in the 1<z<2.1 range.
The diagrams showing a clear trend of Hαcalc with each of the
input parameters are shown in Fig. 4, whereas those which dis-
play a confused picture were omitted. The diagrams indicate that
Hαcalc increases with the shock velocity and with the ionization
parameter, but decreases with the SB effective temperature be-
tween 104K and 105 K because the H+ recombination coefficient
increases for gas heated by the source radiation to decreasing
temperatures < 105K. The SB temperatures in the hosts of the
LGRB sample presented in Table 2 were found within the norm
104 <T∗ < 10
5 K and the shock velocities are Vs ≥ 100 km s
−1.
The maximum temperature of the gas downstream is therefore
≥ 1.5 ×105 K (see Sect. 2) leading to energies ≥ 13 eV, simi-
lar to the H ionization potential (13.6 eV). Shocks with Vs >100
km s−1enhance the SFR throughout the host galaxies. Moreover,
Hαcalc increases with U, the ionization parameter, when more
photons reach the emitting nebula leading to strong line emis-
sion. The low ionization parameters U calculated for the Berg et
al and Marino et al samples (Contini 2017) yield a low Hαcalc .
However, we will show in the following that the SFR are differ-
ent for the two samples.
Before discussing the SFR trend obtained by the observa-
tions we check the Hα /Hβ ratios presented by the observers after
correction. In our previous investigation of SFR in LGRB host
galaxies (Contini 2016, fig. 8) Hα /Hβ =3 (Osterbrock 1974)
was used to correct the spectra from reddening because it is
adapted to represent the physical conditions throughout the neb-
ulae when shocks are at work. The line fluxes collected from
the observations were reddening corrected by the observers us-
ing Cardelli et al (1989) method. Marino et al and Berg et
al used Hα /Hβ =2.86. Fig. 5 shows that there is an increas-
ing trend of Hα /Hβ (presented by the observers) with z, al-
though most of the values are in the appropriate range (3±0.5
Osterbrock 1974). This indicates that the correction is not com-
plete for some objects and/or that matter with a higher optical
depth may contribute to the spectra, yielding higher Hα /Hβ line
ratios (Osterbrock 1974) in particular in the redshift range be-
tween approximately 0.25 and 2.5. A valid correction of line
fluxes may yield different values of SFRs.
4.2. SFR
We compare in Fig. 6 Hαcalc with Hαobs line intensities.
Hαobs fluxes are shifted upwards on the Y-axis by a factor of
1017. The left panels of Figs. 6 - 8 cover a large redshift range
-5.5<log(z)<0.6 while the right ones are zoomed to -0.6<log(z)
<0.6. Hαcalc and Hαobs follow different trends as Hαobs de-
creases with z, while the Hαcalc trend increases, in particular
towards higher z. This means that also the SFR trend should de-
crease at high z because SFRs are generally calculated by eq. 1.
The opposite can be seen for SFR in Fig. 7 (right panel). The
left panel of Fig. 7 shows the SFR values collected from the ob-
server samples throughout a large z range (z≤3). It seems that the
distance factor d2 which is used in the calculation of LHα dom-
inates grossly the SFR trend from local HII galaxies to LGRB
hosts. SFR could show a steeper increasing trend at high z if the
spectra were corrected with a higher precision. SFRs presented
by Marino et al CALIFA HII regions in near galaxies (Fig. 7
left) overcome by a factor of ≤ 100 the SFR values calculated
by Niino et al for LGRB host at z<0.4, while the Berg et al sam-
ple of local galaxies follows roughly a linear increasing slope.
We suggest that the abnormally high SFR values in the CALIFA
HII regions are due to the fact that Marino et al consider HII
regions within the galaxies which are more compact than the
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Fig. 5. Observed Hα /Hβ as a function of z. Black open cir-
cles: Kruhler et al.; black pentagrams: Han et al.; black open
squares: Niino et al.; black open triangles: Savaglio et al.; black
hexagrams: LGRB (Contini 2016, table8); red filled squares:
Palmerio et al.
entire galaxies observed by e.g. Berg et al. Galaxies, in general,
have strongly fragmented structures. The Vs and U parameters
calculated for the Berg et al sample of HII galaxies and for the
Marino et al HII regions (Contini 2017) are alike, therefore the
Hαcalc values are similar and the different luminosities depend
on the morphological distribution of matter through the galaxy.
The abnormal SFR (and Hαobs ) in the Marino et al HII compact
regions and other nearby galaxies at z≤0.1 is most probably due
to a high filling factor ff. The low ff which is revealed by the frag-
mented texture of the galaxy medium most probably depends on
the progenitor merging phenomena.
4.3. N/O abundance ratios
The formation of stars depends on dust production. Table 2
shows that the calculated N/O ratios are lower than solar, while
O/H are solar. We have checked whether the release of O2 and
N2 molecules trapped into the ice mantles of dust grains can ex-
plain the low N/O relative abundances calculated for the sample
of LGRB hosts presented by Palmerio et al. O2 and N2 molecules
are trappedwithin grain ice mantles with an O2 efficiency greater
than for N2 (Laufer et al. 2018). They are released with roughly
similar ratios by heating the ice to the critical temperatures
of the exothermic morphological transformations, 140K-160K
from amorphous to crystalline cubic and 160K-190K from cu-
bic to hexagonal. Ice mantles are completely destroyed for Vs ∼
50 km s−1(Strahler & Palla 2005). The shock velocities calcu-
lated by the detailed modelling of the spectra for a relatively
large sample of LGRB hosts and HII galaxies (Contini 2017) are
in general ≥100 km s−1. Therefore, a low N abundance in the
gaseous phase of LGRB host clouds does not seem to be due to
trapping of N2 molecules into ice mantles.
SFR trends are generally discussed in the light of massive
stars and therefore of metallicities intended as the O/H relative
abundances (e.g. Vincenzo et al 2015, Mannucci et al 2010). We
focus on N/H ratios. Nitrogen is mostly a secondary element be-
ing a product of CNO cycle formed at expences of C and O al-
ready present in stars. The primary N component originating in
giant branch stars (AGB) is predicted by stellar nucleosynthe-
sis (Chiappini et al 2003). Henry et al (2000) have found that
N has both primary and secondary components. The production
of nitrogen is dominated by primary process at low metallicity
and secondary process at higher ones (Maynet & Maeder 2002).
Contini (2017) showed that O/H and N/H ratios have a mini-
mum for 0.1≤z≤0.4, while N/O decreases towards low z. For
z<0.1 the O/H ratios are close to solar within a large redshift
range. In the same redshift range the N/O ratios follow an in-
creasing (AGN, SN hosts, etc ) or a decreasing (SB , HII galax-
ies) trend with decreasing z for different types of objects. It was
suggested by Contini (2017 and references therein) that N/O ra-
tios depend on secondary nitrogen production. The N/O ratios
reach the lowest values in local HII galaxies. For comparison, in
Fig. 8 the results of N/O calculated for the host galaxy sample
presented by Palmerio et al are added in the diagrams showing
the calculated N/O versus z trend through the extended redshift
range. They are too few to confirm the decreasing trend of N/O
with decreasing z at z≤2, however they fit the average distribu-
tion of N/O for z∼1-2 (Fig. 8 right). Fig. 8 (right) shows that the
N/O trend decreasing with z is similar to that indicated by Fig. 7
for SFR. The CNO cycle which is responsible for secondary N
is a very temperature sensitive process. Reid & Hawley (2005)
claim that a self mainaining CNO chain would require high core
temperatures (T≥16×106K) and masses M>1.5M⊙. They are not
predicted at z<0.1 by Fig. 8 (left).
5. Concluding remarks
We have calculated the physical conditions and the element
abundances of recently observed GRB host galaxies at red-
shift 1<z<2.1 by modelling the spectra presented by Palmerio
et al (2019) and Hashimoto et al (2018). We have com-
pared them with those found for previously analysed LGRB
hosts by Contini (2017 and references therein) on a large
redshift range. GRB061007, GRB061121, GRB080605 and
GRB090926B spectra were presented by Palmerio et al (2019).
We have added the line spectrum of GRB080207 from the sam-
ple of Kru¨hler et al and the continuum SED of both GRB080207
and GRB070521 from Hashimoto et al (2018) because they
show a rich collection of photometric data. Other samples, such
as e.g. that of Vergani et al (2017) could not be used because the
spectra do not contain enough data to constrain a detailed mod-
elling. We have found that the physical conditions throughout
the hosts and the element abundances are consistent with those
found for other hosts in the same redshift range. We have in-
vestigated the distribution of SFR throughout the extended red-
shift range 0.00001<z<4 adding to the SFR sample collected for
LGRB hosts in previous works, the SFR observed in nearby HII
regions by Marino et al (2013) and in the low luminosity lo-
cal HII galaxies by Berg et al (2012). SFR are analysed by the
Hα fluxes. It seems that the log(SFR) trend is quasi-linear with
log(z) on a large z range. We suggest that the SFR values pre-
sented byMarino et al for HII regions are higher than those given
by Berg et al for local HII galaxies at z≤0.1 because the filling
factor is higher in compact HII regions rather than throughout
entire galaxies. The merging process of the progenitors could
lead to a highly disomogeneous morphological structure of the
ISM.
Comparing the SFR trend with that of the N/O abundance ra-
tios, we have found that both decrease for z<3. We have checked
whether the release of O2 and N2 molecules trapped into the
dust grain ice mantles by the exothermic morphological trans-
formations of water ice could explain the N/O ratios calcu-
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Fig. 6. Comparison of log(Hαobs ) measured by the observers (black symbols) with log(Hαcalc ) calculated by the detailed modelling
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Fig. 8. Distribution of calculated log(N/O) abundance ratios along the redshift. Symbols as in Fig. 6.
lated throughout the redshift. However, shock velocities ≥ 50
km s−1completely destroy the ice mantles. The shock velocities
calculated by the detailed modelling of the spectra are generally
≥ 100 km s−1for LGRB hosts and SB galaxies. Therefore, the
prevention of secondary N formation for z< 1 remains a valid
hypothesis to explain the decreasing trend of N/O ratios towards
low z.
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